The genus Glaucomys (New World flying squirrels) is currently considered to be comprised of 2 species, the northern flying squirrel (G. sabrinus) and the southern flying squirrel (G. volans). We synthesize new information from mitochondrial DNA (mtDNA) control region sequences and microsatellite data to demonstrate that the genus consists of 3, rather than 2 species, and that Glaucomys sabrinus, as currently recognized, is actually composed of 2 separate, apparently non-hybridizing species. Control region mtDNA data from 185 individuals across North America revealed 2 distinct clades embedded within G. sabrinus: a widespread "Continental" lineage and a more geographically restricted "Pacific Coastal" lineage. The geographic distributions of these 2 lineages are largely mutually exclusive, with sympatry observed at only 3 sites in the Pacific Northwest. Analysis of 8 microsatellite loci showed no evidence of hybridization between the 2 lineages of G. sabrinus in the region of sympatry. This lack of gene flow is noteworthy given that populations of the Continental lineage of G. sabrinus have been shown to hybridize with G. volans in southeastern Canada. Finally, phylogenetic analyses and estimates of divergence times show that G. volans and Continental G. sabrinus are actually sister taxa that diverged from one another more recently than either did from Pacific Coastal G. sabrinus. We propose that these observations provide strong evidence for a third, previously unrecognized species of North American flying squirrel, whose geographic range extends along the Pacific Coast from southern British Columbia to southern California. Glaucomys oregonensis (Bachman, 1839) , whose type locality is in Oregon, is the senior available name for this taxon. We propose that this newly recognized species be given the common name "Humboldt's flying squirrel."
Over the last 2 decades, several genetic studies of the New World flying squirrels (genus Glaucomys) have answered a number of evolutionary, biogeographic, and conservation questions about the genus. Although Glaucomys has long been considered to include only 2 species, the northern flying squirrel (G. sabrinus) and the southern flying squirrel (G. volans-Dolan and Carter 1977; Wells-Gosling and Heaney 1984) , analysis of mitochondrial DNA (mtDNA) data led to the discovery that it actually is made up of 3 distinct mtDNA lineages: 1 corresponding to G. volans and 2 within G. sabrinus-a "Pacific Coastal" (PC) lineage and a more widespread "Continental" (CON) lineage (Arbogast 1999 (Arbogast , 2007 Arbogast et al. 2005; Kerhoulas and Arbogast 2010) . Because G. volans is closely associated with deciduous hardwood forests and G. sabrinus with boreal coniferous forests, the geographic distributions of these 3 lineages of Glaucomys have provided important insights into the biogeographic dynamics of these 2 forest types during the Pleistocene. For example, analyses of mtDNA data have supported a close relationship between populations of the southern flying squirrel that are isolated in the highlands of Mesoamerica and those from the eastern United States, and have revealed that the former contain a disproportionate amount of the mtDNA genetic diversity present in the species (Kerhoulas and Arbogast 2010) . These results suggest that the highlands of Mesoamerica served as important refugia for G. volans during glacial periods of the Pleistocene and the surprisingly limited amount of mtDNA diversity observed in populations of G. volans from eastern North America suggests the current distribution of these populations is a result of a recent and rapid post-glacial expansion out of 1 or more glacial refugia that persisted in Mesoamerica or southeastern North America during glacial maxima (Kerhoulas and Arbogast 2010) . The assignment of animals currently recognized as G. sabrinus to 2 distinct mtDNA lineages suggests that these lineages arose as a result of populations being isolated in 2 separate boreal forest refugia, 1 in southeastern North America for the CON lineage and 1 along the Pacific Coast of the United States for the PC lineage, during Pleistocene glacial maxima. Arbogast (1999) proposed that this scenario may have happened repeatedly after an initial divergence of the 2 lineages, estimated to have occurred in the early-to-middle Pleistocene. Genetic, palynological, fossil, and glacial data from the most recent (Wisconsinan) glacial cycle all suggest that the CON lineage rapidly expanded northward and westward, along with their boreal forest habitat, from a refugium in the southeastern United States following glacial retreat (Arbogast 1999) . However, northward post-glacial expansion of the PC lineage out of 1 or more boreal forest glacial refugia along the Pacific Coast of the United States appears to have been much less extensive. The asymmetrical post-glacial expansion out of the 2 refugia is reflected in the widespread distribution of the CON lineage and the much more geographically restricted distribution of the PC lineage that we see today, with the 2 lineages now coming into contact in the Pacific Northwest (Arbogast 1999) . The geographic distributions of the CON and PC lineages of G. sabrinus are representative of a common biogeographic pattern seen in a variety of North American boreal forest mammals , including tree squirrels of the genus Tamiasciurus Hope et al. 2016) , martens of the genus Martes (Demboski et al. 1999; Dawson and Cook 2012) , the American black bear (Ursus americanus- Wooding and Ward 1997; Stone and Cook 2000) , montane shrews (Sorex monticolus- Demboski and Cook 2003) , voles of the genus Myodes (formerly Clethrionomys- Arbogast and Kenagy 2001) and others. In each case, there is a distinct phylogeographic discontinuity in the Pacific Northwest that separates a PC lineage from a much more geographically widespread CON lineage. While it is not clear whether this common spatial pattern is the result of a single, or multiple, episodes of expansion and contraction associated with glacial cycles, levels of mtDNA divergence between the CON and PC lineages of these co-distributed boreal mammals vary considerably .
Genetic data have also been used to study populations of conservation concern within Glaucomys. Cook (2001, 2002) used mtDNA and microsatellites to examine the conservation genetics of isolated populations of G. sabrinus in the Alexander Archipelago of Southeast Alaska. They found that the endemic Prince of Wales flying squirrel (G. s. griseifrons) was genetically distinct from conspecific mainland populations and exhibited severely reduced levels of genetic variation, possibly as a result of a relatively recent (Holocene) founder event. Similarly, Arbogast et al. (2005) used mtDNA and allozymes to examine the genetic variability of 2 subspecies of G. sabrinus (G. s. fuscus and G. s. coloratus) of conservation concern from the southern Appalachian mountains. They found that the 2 subspecies, which are currently restricted to high elevation spruce-fir habitat in the Appalachians, were genetically distinct from other conspecific populations and maintained several private alleles in spite of having lower levels of genetic variability (Arbogast et al. 2005) . The results of these studies Cook 2001, 2002; Arbogast et al. 2005 ) are consistent with a rapid post-Wisconsinan range expansion wherein some members of the CON lineage of G. sabrinus recolonized Alaska relatively recently, while those persisting in the Appalachian mountains are Pleistocene relicts, currently isolated from other conspecific populations. Finally, and perhaps most surprisingly, analysis of microsatellite data revealed that G. sabrinus and G. volans have recently hybridized in southeastern Canada (Garroway et al. 2010) . These 2 species have very different bacular morphology (Dolan and Carter 1977; Wells-Gosling and Heaney 1984) , and therefore, it has long been assumed that they were reproductively isolated.
In this study, our goal was to address some of the important remaining evolutionary, taxonomic, and biogeographic questions surrounding the genus Glaucomys. Specifically, we used a combination of mtDNA sequence and microsatellite data to: 1) identify specific geographic location(s) where the CON and PC mtDNA lineages of G. sabrinus are sympatric in the Pacific Northwest of North America; 2) estimate changes in effective population size through time in each lineage and evaluate these results within the context of Pleistocene glacial cycles and associated shifts in the geographic distribution of boreal forest; 3) estimate the time of the initial divergence between the CON and PC lineages of G. sabrinus and compare that with dates estimated for the same phylogeographic split in another group of co-distributed boreal forest mammals (tree squirrels of the genus Tamiasciurus); and 4) determine whether gene flow is occurring between the CON and PC lineages of G. sabrinus where they co-occur in the Pacific Northwest.
Materials and Methods
Sampling and DNA isolation.-Blood or tissue samples were obtained for 185 individuals identified as G. sabrinus from throughout the geographic distribution of the species, with a special focus on western North America. Most samples (all but 8) came from specimens housed in museum collections (Appendix I). Of the 185 samples, 6 (University of Michigan Museum of Zoology [UMMZ] 79755-79764, Appendix I) consisted of tissue taken from the skins or scraped from the skulls or skeletons. Isolation of genomic DNA was performed using the Qiagen DNeasy Tissue Kit (Qiagen, Valencia, California) or the salt extraction method described in Miller et al. (1988) . mtDNA analysis.-For all individuals (n = 179) from which preserved blood or frozen tissue was available, an approximately 450 base pair (bp) segment of the mtDNA hypervariable control region was amplified and sequenced using the primers CTRL-L (Bidlack and Cook 2001) and TDKD (Kocher et al. 1993 ). For the 6 individuals from the University of Michigan Museum of Zoology (Appendix I), approximately 330 bp of sequence data were obtained. PCRs were conducted using 2× TopTaq PCR Master Mix (Qiagen) following the manufacturer's protocol and the thermocycling parameters presented in Blois and Arbogast (2006) . Sequencing of purified PCR products was performed in both directions on an ABI 373 automated sequencer at the Burke Museum, University of Washington (Seattle, Washington) or the University of Alaska Fairbanks (Fairbanks, Alaska), or was conducted at the High Throughput Genomics Center at the University of Washington. Sequence data were visually inspected for errors and multiple peaks and aligned using Sequencher ver. 5.1 (Gene Codes Corporation, Ann Arbor, Michigan). Sequences have been deposited in GenBank under the accession numbers provided in Appendix I.
Phylogenetic analysis of mtDNA control region data included only unique haplotypes as identified using Collapse ver. 1.2, now part of ALTER (http://sing.ei.uvigo.es/ALTER/). Phylogenetic trees were constructed using both maximum likelihood (ML) and Bayesian methods with the programs GARLI ver. 2.0 (Genetic Algorithm for Rapid Likelihood Inference-Zwickl 2006) and MrBayes ver. 3.2 (Ronquist et al. 2012) , respectively. The best-fit models of nucleotide substitution were selected using the Akaike Information Criterion (AIC). We used the programs jModelTest 2.0 (Posada 2008) and MrModeltest ver. 2.3 (Nylander 2004) to calculate AIC values of the various nucleotide substitution models for the ML and Bayesian analyses, respectively. We conducted multiple runs in GARLI to ensure the program was sufficiently searching tree space and that there was no significant variation in log likelihood values between runs. A 1,000-replicate bootstrap analysis was performed using GARLI. Results of the bootstrap analysis were summarized using the SumTrees program that is part of DendroPy ver. 3.12.0 (Sukumaran and Holder 2010) . Bayesian analysis included 4 chains run for 2.5 × 10 7 Markov chain Monte Carlo (MCMC) generations sampled every 1,000 generations.
The mtDNA control region data were used to estimate the average number of substitutions per site between major clades of G. sabrinus using the program DnaSP, ver. 5.10 (Librado and Rozas 2009). Haplotype and nucleotide diversity (H and π, respectively) within major clades of G. sabrinus also were estimated using DnaSP. Control region data were also used to construct Bayesian skyline plots for major clades using the program BEAST (Bayesian Evolutionary Analysis by Sampling Trees, ver. 1.7.4- Drummond et al. 2012) in conjunction with the programs BEAUti (Bayesian Evolutionary Analysis Utility- Drummond et al. 2012) and Tracer (Rambaut et al. 2014) . Because these plots reflect changes in effective population size through time, they can be used to evaluate hypotheses related to the timing and relative magnitude of post-glacial population expansions. To estimate values for the time axis of each skyline plot, we used a rodent-based rate of substitution for the mtDNA control region of 0.50 substitutions per site/lineage/million years (Macholán et al. 2012) . The best-fit model of nucleotide substitution was determined using the AIC and the program jModelTest 2.0 (Posada 2008). We assumed a generation time of 1 year and ran the BEAST analysis for 5 × 10 7 steps sampling every 5 × 10 4 steps. BEAST was also used to estimate divergence times between major mtDNA clades of Glaucomys previously identified using cytochrome b sequence data (Arbogast 1999; Kerhoulas and Arbogast 2010) . For this analysis, 771 bp of the cytochrome b gene (see Supplementary Data SD1) was used. Divergence times were calibrated using the Sciurus/Tamiasciurus and T. douglasii/T. hudsonicus estimates presented in Chavez et al. (2014) . As above, the best-fit model of nucleotide substitution was determined using the AIC and the program jModelTest 2.0 (Posada 2008). The BEAST analysis was run for 5 × 10 9 steps sampling every 5 × 10 6 steps. All BEAST results were viewed and summarized using Tracer ver. 1.5 and TreeAnnotator ver. 1.7.4 (included in the BEAST software package).
Microsatellite analysis.-We selected a total of 61 individuals from locations of sympatry between the 2 major mtDNA clades of G. sabrinus and adjacent areas in the Pacific Northwest ( Fig. 1 ) for microsatellite analysis (CON = 23, PC = 38; Appendix I). Individuals were genotyped at 8 polymorphic microsatellite loci using primers developed for G. sabrinus: GS-04, GS-08, GS-10, GS-13, GS-16 (Zittlau et al. 2000) , GLSA-12, GLSA-48, GLSA-52 (Kiesow et al. 2011) . PCR conditions and fragment analysis for these loci were conducted as described by Schumacher (2012) . All loci were amplified in singleplex during PCR and then products for 2-4 loci were multiplexed for fragment analysis. PCRs were conducted in 10 μl containing 1× TopTaq PCR Master Mix (Qiagen), 0.4 μM forward primer, 0.4 μM fluorescently tagged reverse primer, and 2 μl of template DNA. Conventional (GS-08, GS-10, GS-16) or touch-down (GS-04, GS-13, GLSA-12, GLSA-48, GLSA-52) PCR cycling conditions were optimized for each primer pair (Schumacher 2012) . Capillary electrophoresis was conducted on an ABI 3130xl Genetic Analyzer with GeneScan-500 ROX as size standard and GeneMapper ver 4.1 software used to score fragments and bin alleles (Applied Biosystems, Waltham, Massachusetts). STRUCTURE ver. 2.3.3 (Pritchard et al. 2000; Falush et al. 2003 ) was used to partition individuals into unique genetic clusters without a priori information. Ancestry models were incorporated with the allele frequency models as follows: no admixture-independent and admixture-correlated. For both model sets, 5 runs were performed at every hypothesized K (1 to 10) and each run consisted of 5 × 10 4 burn-in followed by 10 5 MCMC iterations. We determined the most likely value of K using the ΔK method (Evanno et al. 2005) implemented in STRUCTURE HARVESTER ver. 0.6.92 (Earl and vonHoldt 2012) . We then conducted 10 longer runs (2.5 × 10 5 burn-in and 5 × 10 5 MCMC iterations) in STRUCTURE at the most likely value of K to verify consistency between runs and obtain the best possible calculation of individual assignments. The FullSearch algorithm within CLUMPP 1.1.2 (Jakobsson and Rosenberg 2007) was used to find the optimal alignment of clusters across runs and to produce a probability of assignment (Q) for individuals to each of the K clusters.
For each cluster identified by the STRUCTURE analysis, we used the web-based version of GENEPOP ver 4.0.10 (Raymond and Rousset 1995; Rousset 2008) to test for deviations from Hardy-Weinberg equilibrium (HWE) and linkage equilibrium (using a Bonferroni corrected alpha to account for multiple comparisons), as well as to calculate observed and expected heterozygosity for each locus. Allelic richness was calculated in FSTAT ver. 2.9.3.2 (Goudet 1995), which implements rarefaction to standardize estimates to the smallest sample size in each comparison. Mann-Whitney U-tests were used to detect significant differences in mean heterozygosity (expected versus observed) and mean allelic richness between clusters. In order to assess genetic differentiation between the clusters, pairwise F ST (Wright 1951) and R ST (Slatkin 1995; Rousset 1996) were calculated using GENEPOP. results mtDNA analysis.-Of the 185 individuals for which mtDNA control region sequence data were obtained (Appendix I), there were 128 unique haplotypes (Fig. 1) . The 2 best-fit models (TIM3 + I + G and HKY + I + G) of nucleotide substitution were used for the ML and Bayesian analyses, respectively. In both analyses, there were 2 strongly supported clades within G. sabrinus: a widespread CON clade containing 130 individuals and 83 unique haplotypes, and a more geographically restricted PC clade containing 55 individuals and 45 unique haplotypes ( Fig. 1 ; Appendix I; Supplementary Data SD2-SD4). Members of the 2 clades were found to occur in sympatry in 3 locations in the Pacific Northwest: Alocin Creek in British Columbia, and Thurston and Pierce counties in Washington (Appendix I). The average number of substitutions per site between the CON and PC clades (D xy ) was 0.12432, and there were 11 fixed nucleotide differences between the 2 clades. Values of haplotype diversity (H) and nucleotide diversity (π) were 0.971 and 0.0197, respectively, for the CON clade, and values of H and π were 0.983 and 0.0465, respectively, for the PC clade. The D xy for individuals within the CON clade was 0.01952 and that for individuals within the PC clade was 0.04564. Within the PC clade, individuals from California formed a distinct subclade that was sister to a subclade containing individuals from Oregon, Washington, and southern British Columbia (Fig. 1) . The D xy between individuals from California and those comprising the remainder of the PC clade was 0.07512, and there were 4 fixed nucleotide differences between these 2 groups. Within California, the 7 individuals we sampled from San Bernardino County exhibited 4 unique haplotypes, all found exclusively in squirrels from that location; H = 0.810 ( Fig. 1 ; Appendix I). These haplotypes formed a distinct subclade that was sister to the distinct subclade comprised of individuals from Plumas County in northeastern California. The 6 individuals we examined from Plumas County exhibited 3 unique haplotypes, all found exclusively in squirrels from that locality; H = 0.600 ( Fig. 1 ; Appendix I).
Bayesian skyline plots indicate that the CON and PC lineages of G. sabrinus both experienced an episode of population expansion within the last 15-20 × 10 3 years (Fig. 2) . The magnitude of the increase in the effective population size of females (N ef ) appears to have been similar in the 2 lineages (e.g., increasing from a low of approximately 5-8 × 10
4 to a peak of approximately 7-9 × 10 5 ). The median estimate of time to most The BEAST analysis of mtDNA cytochrome b sequences used the best-fit TIM2 + I model of nucleotide substitution. In the resulting tree, the PC clade of G. sabrinus was sister to a clade containing both the CON clade of G. sabrinus and G. volans (which, in turn, were sister to one another; Fig. 3 ). The estimated time of divergence of the G. sabrinus PC clade from the other members of Glaucomys was approximately 1.32 million years ago (mya), with the 95% highest posterior density (HPD) interval being 0.66-2.37 mya. The CON clade of G. sabrinus and the clade corresponding to G. volans appear to have diverged from one another approximately 1.07 mya, with the 95% HPD interval being 0.5637-1.8633 mya.
Microsatellite analysis.-Both the admixture-correlated and no admixture-independent STRUCTURE models had a peak in ΔK at K = 2 (1538. 06 and 2001.16, respectively) . Thus, both model sets revealed the same pattern of genetic structure, with individuals from the CON and PC clades falling into 2 distinct genetic clusters with very high probabilities of assignment for all individuals (Q ≥ 0.896; Fig. 4 ). Six loci in the CON cluster and 7 loci in the PC cluster were in HWE following Bonferroni correction for multiple tests (all P > 0.0031); loci GS-16 (P = 0.0017) and GLSA-48 (P = 0.0028) were out of HWE in the CON cluster, and locus GS-13 (P = 0.0000) was out of HWE in the PC cluster. All pairs of loci were in linkage equilibrium for both the CON and PC clusters following Bonferroni correction for multiple tests (all P > 0.0009).
There was no significant difference between observed and expected heterozygosity (Table 1) for the CON or PC clusters (CON: z 1 = −0.95, P = 0.342; PC: z 1 = −1.31, P = 0.190). Allelic richness was not significantly different between the CON (4.82) and PC (5.34) clusters (z 1 = −0.47, P = 0.638; Table 1 ). Approximately 56% of the 59 alleles observed were private and thus only found in either the CON or PC cluster (Table 1) . Complete divergence of allele frequencies was observed for locus GS-16, with the CON and PC clusters each having 4 private alleles (Tables 1 and 2 ). F ST and R ST revealed that the CON and PC clusters were highly differentiated (F ST = 0.352 and R ST = 0.571).
discussion
The high level (approximately 12.4%) of average mtDNA control region sequence divergence between the CON and PC lineages of G. sabrinus indicates a relatively deep evolutionary split between these lineages. Based on our analysis of cytochrome b mtDNA sequence data (Fig. 3) , the estimated date of divergence of these 2 lineages is approximately 1.32 mya; this date is more than 5 times older than the date we estimated for the divergence between sister species of the co-distributed boreal forest tree squirrels T. hudsonicus and T. douglasii (approximately 0.24 mya; Fig. 3 ). Thus, despite their similar present-day geographic distributions and close association with boreal forest, the divergence of the CON and PC forms of G. sabrinus likely substantially predates the divergence of the CON and PC forms of Tamiasciurus (T. hudsonicus and T. douglasii, respectively). These findings support the hypothesis presented by Arbogast and Kenagy (2001) that the spatially similar phylogeographic patterns observed in many co-distributed North American boreal forest mammals may represent a case of "pseudocongruence" (when similar spatial patterns are formed in co-distributed taxa at different times; see Arbogast and Kenagy 2001; Riddle 2016) . This is certainly plausible, as the cyclical nature of glacial-interglacial events throughout the Pleistocene would have provided many opportunities for North American boreal forest taxa to become isolated in separate "eastern" and "western" refugia during glacial maxima Hope et al. 2016) .
Our skyline plots (Fig. 2) suggest an episode of substantial population expansion (i.e., from an N ef of approximately 5-8 × 10
4 to an N ef of approximately 7-9 × 10 5 ) in both the CON and PC lineages within approximately the last 15-20 × 10 3 years, a time frame consistent with a scenario of late Pleistocene-early Holocene expansion in both groups. Interestingly, despite its smaller present (and presumably historical) geographic range, the maximum N ef of the PC lineage appears to be equal to or greater than that of the CON lineage. The recent downturn in the estimated value of N ef observed in both lineages is almost certainly spurious, a by-product of population structure in the mtDNA control region data, and does not reflect an actual decrease in N ef (see Heller et al. 2013) . Overall, the Bayesian skyline plots are consistent with a scenario in which the CON and PC lineages of G. sabrinus experienced a late Pleistoceneearly Holocene population expansion out of separate eastern and western boreal forest refugia that existed south of the Cordilleran and Laurentide ice sheets, respectively. Despite the fact that the 2 lineages appear to have had similar increases in N ef , the CON lineage, which currently has an expansive range extending from the southern Appalachian mountains in the southeast to Alaska in the northwest, experienced a much greater post-glacial increase in geographic range size relative to that of the PC lineage. This was likely due to differences in the timing of the retreat of the eastern (Laurentide) ice sheet compared to the western (Cordilleran) ice sheet. Whereas the Laurentide ice sheet began retreating approximately 18-20 × 10 3 years ago, the Cordilleran ice sheet continued to advance for at least another 3 × 10 3 years (Pielou 1992), and effectively "trapped" the PC lineage south of the Cordilleran ice sheet in present-day California, Oregon, and parts of Washington. The Cordilleran ice sheet would have continued to serve as such a barrier until at least 13 × 10 3 years ago (Pielou 1992). Presumably, by the time the PC lineage expanded northward, members of the CON lineage had already recolonized boreal forest from the east. As a result, the widespread CON lineage and the more geographically restricted PC lineage of G. sabrinus presently come into contact in the Pacific Northwest. We found 3 locations in this study where members of these 2 divergent mtDNA clades are sympatric (Alocin Creek in British Columbia, and Thurston and Pierce counties in Washington; Fig. 5 ; Appendix I), and it is likely that further sampling would reveal additional areas of sympatry in the Pacific Northwest.
Despite the relatively smaller geographic range of the PC mtDNA lineage, it contains more phylogenetic structuring and exhibits greater levels of both nucleotide and haplotype diversity in its mtDNA control region when compared to the widespread CON lineage. In particular, there appears to be substantial genetic divergence among the populations we examined from California and the remaining populations of the PC lineage ( Fig. 1 ; Supplementary Data SD4). In addition, the 2 California localities we examined, Plumas County in northeastern California and San Bernardino County in southern California, are surprisingly divergent from one another based on the mtDNA control region data (Fig. 1) . These results suggest a complex biogeographic history of the PC lineage during which populations ancestral to the current members of this group may have been isolated in multiple refugia along the Pacific Coast during Pleistocene glacial maxima.
In addition to the deep mtDNA divergence observed between the CON and PC lineages of G. sabrinus (Fig. 1) , our microsatellite analysis found no evidence of contemporary gene flow between them, despite their sympatry in the Pacific Northwest (Figs. 4 and 5) . Furthermore, over half (56%) of the 59 alleles Probabilities of assignment (Q; x-axis, 0-1) for each individual to the 2 genetic clusters identified by the STRUCTURE no admixture-independent (left) and admixture-correlated (right) models for 61 individuals spanning the geographic area in which the Continental (CON) and Pacific Coastal (PC) mtDNA clades meet-southern British Columbia (BC), Washington (WA), and Oregon (OR). All individuals were strongly assigned to a cluster that corresponded with their previously identified mtDNA group ( Fig. 1 ; Appendix I), creating a CON cluster (gray bars) and PC cluster (black bars, labels bolded). Note that, in agreement with the mtDNA data, there are 3 localities (Alocin Creek, BC; Pierce Co., WA; and Thurston Co., WA) where individuals from the CON and PC lineage co-occur. observed were private, and thus only found in either the CON or PC cluster (Table 1) . Moreover, complete divergence of allele frequencies was observed for locus GS-16 (Table 2) , with the CON and PC clusters each having 4 private alleles (Tables  1 and 2 ). These results are especially noteworthy given that we used 4 (GS-04, GS-08, GS-10, GS-13) of the 9 microsatellite loci that Garroway et al. (2010) used to discover a recently formed hybrid zone between G. volans and G. sabrinus in eastern North America. This also suggests that the microsatellite loci we used have sufficient power to detect hybridization between the CON and PC lineages of Glaucomys if it existed. Previous mtDNA analyses that included all 3 major lineages of Glaucomys (Arbogast 1999; Kerhoulas and Arbogast 2010) have already shown that the CON and PC lineages of G. sabrinus are not sister taxa; rather, the CON lineage of G. sabrinus is sister to G. volans. Therefore, G. sabrinus, as currently recognized, is paraphyletic. This branching pattern is further supported by our phylogenetic analyses and estimates of divergence times (Fig. 3) . Furthermore, the microsatellite data confirm hybridization of the CON lineage of G. sabrinus with G. volans (see Garroway et al. 2010 ) and lack of hybridization between CON and PC lineages of G. sabrinus, despite their occurrence in sympatry (this study). The nuclear data also are consistent with phylogenetic relationships and divergence time estimates (Fig. 3) based on mtDNA sequence data.
Taken together, all of these analyses indicate a closer evolutionary relationship between G. volans and the CON form of G. sabrinus than either has with the PC form of G. sabrinus, which we interpret as evidence that there are 3, not 2 species of flying squirrels in North America: G. volans, the CON lineage of G. sabrinus, and the PC lineage of G. sabrinus, with the former 2 being sister taxa. We propose the following taxonomic adjustments 1) no changes should be made to the nomenclature or common name of Glaucomys volans, the southern flying squirrel; 2) the species corresponding to the CON lineage of Glaucomys sabrinus should retain that Latin binomial and the common name northern flying squirrel; and 3) the PC lineage of G. sabrinus should be recognized as a separate species, Glaucomys oregonensis (Bachman, 1839) , and be given the new common name "Humboldt's flying squirrel" in honor of the eminent naturalist Alexander von Humboldt and in reference to the coastal northern California county that bears his name and lies in the heart of the geographic distribution of this newly described taxon (Fig. 5) . The type specimen of G. oregonensis is number ANSP 253 in The Academy of Natural Sciences of Drexel University (Philadelphia, Pennsylvania), collected in 1839 by J. K. Townsend; the species was first recognized and named Pteromys oregonensis by Bachman (1839) in that same year (Howell 1918) , although it subsequently was treated as a subspecies of G. sabrinus (e.g., Hall 1981; Wells-Gosling and Heaney 1984; Verts and Carraway 1998) . The type locality for Glaucomys oregonensis is listed as "Oregon, Columbia River." The sex of the holotype is not identified and no paratypes are listed in the original description. The following measurements for the type specimen were taken from its museum tag: body = 169 mm, tail = 143 mm, and hind foot = 35 mm. Our proposed taxonomic change affects subspecies nomenclature in the following ways: 5 subspecies (G. s. californicus, G. s. lascivus, G. s. stephensi, G. s. flaviventris, and G. s. klamathensis; see figure 4 in Wells-Gosling and Heaney 1984) would clearly fall under G. oregonensis and would therefore require the requisite taxonomic change; 17 subspecies should be retained in G. sabrinus (G. s. alpinus, G. s. bangsi, G. s. canescens, G. s. coloratus, G. s. fuscus, G. s. goodwini, G. s. gouldi, G. s. griseifrons, G. s. lucifugus, G. s. latipes, G. s. macrotis, G. s. makkovikensis, G. s. murinauralis, G. s. reductus, G. s. sabrinus, G. s. yukonensis, and G. s. zaphaeus) ; and 3 subspecies (G. s. oregonensis, G. s. columbiensis, and G. s. fuliginosus) will require evaluation, as they either clearly (i.e., G. s. oregonensis) or potentially (i.e., G. s. columbiensis and G. s. fulignosis) contain individuals of both G. sabrinus and G. oregonensis. It is perhaps not surprising that there are many recognized subspecies of the northern flying squirrel concentrated in the Pacific Northwest of North America (i.e., 4 in Washington and 5 in British Columbia-Wells-Gosling and Heaney 1984). This could be the result of the region actually containing 2 separate species of Glaucomys, both of which exemplify strong ecogeographic trends such as Bergmann's (1847) and Gloger's (1833) rules. These trends may have worked in concert to produce individuals in populations of both species of Glaucomys that have smaller body sizes and darker pelage along the more humid, milder Pacific Coast compared to those found in the drier, colder continental interior to the east. These trends (left) shows localities from which individuals were sampled for microsatellite analysis; light gray circles designate localities at which all individuals sampled fell into the Continental (CON) cluster, black circles designate localities at which all individuals sampled fell into the Pacific Coastal (PC) cluster, and stars represent localities (Alocin Creek, BC; Pierce Co., WA; and Thurston Co., WA) at which individuals of both clusters were found in sympatry ( Fig. 4 ; Appendix I). Links to detailed maps of specimen localities are provided in Supplementary Data SD2 and SD3.
are exhibited prominently in Oregon, where coastal populations of Glaucomys are darker in coloration and much smaller than those from the Blue Mountains of northeastern Oregon (e.g., mean body weight of males = 129 g and mean body weight of females = 138 g for the former, versus 183 g for males and 207 g for females in the latter-Verts and Carraway 1998).
The problematic subspecific designations outlined above highlight the potential difficulty in finding diagnostic morphological or behavioral characters to easily distinguish G. oregonensis from G. sabrinus. If such characters exist, extensive analysis of museum specimens will be necessary to find them. At present, G. sabrinus and G. oregonensis are most reliably distinguished via genetic analyses using a "barcoding" type of approach. Because these 2 taxa are allopatric over much of North America, species identification is likely to be most challenging in the Pacific Northwest (i.e., British Columbia and Washington) where they can occur in sympatry (Fig. 5) . In these cases, individuals can be assigned to the appropriate species by using either mtDNA sequences or microsatellites reported in this study. In addition, the microsatellite markers would also be useful to further monitor for potential hybridization between the 2 species in this region, especially since their respective ranges are likely to shift over time due to climate change.
Finally, from a conservation perspective, our results highlight the genetic distinctiveness of flying squirrels in California, including the San Bernardino northern flying squirrel (currently referred to as G. s. californicus) which recently underwent review to determine whether it should be added to the list of taxa protected under the United States Endangered Species Act. The mtDNA control region sequence data presented here show that although flying squirrels from California are part of the PC mtDNA clade (i.e., G. oregonensis), they are notably divergent (i.e., D xy = 0.07512) from the non-California members of the PC clade. Furthermore, the individuals we examined from San Bernardino and Plumas counties, California, had 4 and 3 private haplotypes (i.e., haplotypes found in no other population we examined in North America), respectively, suggesting that these 2 populations possess unique genetic variation that could be an important component of the overall genetic variation of the newly recognized species, G. oregonensis. 
suppleMentary data
Supplementary data are available at Journal of Mammalogy online. Supplementary Data SD1.-Species and GenBank accession numbers for the 771 bp of mtDNA cytochrome b sequences used to date the divergence of Glaucomys (Fig. 3) . Supplementary Data SD2.-Keyhole Markup Language (.kml) file of geographic locations for specimens of Glaucomys used in this study. Supplementary Data SD3.-Link to Berkeley Mapper file that depicts the geographic locations and associated information for specimens of Glaucomys used in this study. Supplementary Data SD4.-Information for downloading the tree (.tre) file for the mtDNA control region phylogram presented in Fig. 1. 
appendix i
Glaucomys specimens included in this study, with source, unique identifier, Continental (CON) or Pacific Coastal (PC) mtDNA clade membership (Fig. 1) , GenBank accession number for mtDNA control region sequence, label used in the microsatellite Q-plot, and locality information for each specimen. Museum abbreviations: CRCM = Charles R. Conner Museum, Washington State University, Pullman, Washington; HSU = Humboldt State University Vertebrate Museum, Arcata, California; LSUMZ = Louisiana State University Museum of Natural Science, Baton Rouge, Louisiana; UAM = University of Alaska Museum, Fairbanks, Alaska; UMMZ = University of Michigan Museum of Zoology, Ann Arbor, Michigan; UWBM = University of Washington Burke Museum, Seattle, Washington. BSA refers to the collector number of B. S. Arbogast for blood samples; there are no museum voucher specimens for these samples. Microsatellite Q-plot labels corresponding to the PC cluster of G. sabrinus in STRUCTURE analyses are shown in bold (actual Q-plots shown in Fig. 4) . Locality is the name of the sampling location within the given state or province; latitude and longitude are reported in decimal degrees. 
